METHOD AND APPARATUS FOR DITHERING AND 
INVERSELY DITHERING IN IMAGE PROCESSING AND 
COMPUTER GRAPHICS 



BACKGROUND OF THE INVENTION 

A. Field of the Invention 

The invention relates generally to computer graphics and image 
processing, and more particularly to methods and apparatus for 
processing input gray level values with dither matrices to generate output 
color representative of an output image. 

B. Description of the Related Art 

Dithering is a graphics technology for selecting an approximate 
color from a mixture of other colors by a computer program when a 
screen is unable to display the color required by the image. That is, 
pixel data having high bits (N bits) are converted to pixel data having low 
bits (M bits). 

FIG. 1 is a block diagram showing a conventional apparatus for 
performing a dithering process. As shown in FIG. 1, a dither value 
generator 101 generates a dither reference value to a dithering unit 102 in 
response to a pixel address. Then, an original pixel color value (N bits) 
is input to the dithering unit 102 for generating a dithered value (M bits) 
by performing a dithering process in response to the dither reference 
value. 

FIG. 2 is a block diagram showing a conventional apparatus for 
performing an inversely dithering process. As shown in FIG. 2, the 
dither value generator 201 generates a dither reference value in response 
to the pixel address. The dithered value (M bits) of the pixel is input to 
the inversely dithering unit 202, which generates a recovered value (N 



bits) by performing an inversely dithering process in response to the 
dither reference value. 

However, the dithering process will result in "fixed pattern effect" 
because the dither value generator 201 of the prior art can select a dither 
5 reference value from a dither matrix D n merely based on a pixel address. 
For example, for a pixel that is located at (x, y) on the screen and has a 
color value of I ("pixel data" hereinafter), the corresponding row and 
column of the pixel's dither reference value are calculated as: 

i = (x modulo n) 
1° j = (y modulo n). 

The dither reference values are selected from a dither matrix in 
accordance with the values of (i, j). By comparing the pixel color value 
I with the dither reference value D n (i, j), a value I' can be defined in 
accordance with the following formulas. The highest M bits of the 
15 value F is used to represent the dithered value of the pixel data. 

F = I - (I modulo 2 N ~ M ), if I < D n (i, j); or 

r = I - (I modulo 2 N - M ) + 2 N " M , if I > D n (i, j). 

Since the image generates a "fixed pattern effect" frequently after 
the dither matrix D n is used to perform dithering process a number of 
20 times, even though a relatively large dither matrix is employed, the "fixed 
pattern effect" can only be alleviated without being resolved completely. 

Moreover, since the least significant bits (LSB) of the color value 
are abandoned in the conventional dithering techniques, a random value 
must be used to perform the inversely dithering process. Therefore, 
25 after performing dithering process a number of times, it may result in a 
significant "color deviation effect". 

SUMMARY OF THE INVENTION 
In view of the above-mentioned problems, the main object of the 
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invention is to provide a method and an apparatus to perform a dithering 
process such that even if dithering process and inversely dithering process 
have been performed a number of times, no "color deviation effect" 
occurs. In addition, the probability of "fixed pattern effect" during the 
5 computer graphic and image processing can be reduced. 

One aspect of the invention is to provide a method and an apparatus 
to select a dither reference value from a dither array by use of a pixel 
address and a pixel data, which dither reference value is used as a basis 
for performing a dithering process. 

10 Another aspect of the invention is to provide a method and an 

apparatus to perform an inversely dithering process by use of a pixel 
address and a pixel data to recover a dithered pixel data (M bits) to 
original pixel data with N bits (N>M). 

To obtain the above-mentioned objects, the invention provides a 

15 method and an apparatus for dithering, and inversely dithering an image. 
The apparatus makes use of a pixel address and a pixel data to locate a 
dither reference value from a dither matrix and use the dither reference 
value to convert an original pixel data having N bits into a dithered pixel 
data having M bits (N>M). On the other hand, the apparatus for 

20 performing an inversely dithering process makes use of the pixel address 
and the dithered pixel data (M bits) to locate a dither reference value from 
a dither matrix. Then, the dither reference value is employed to perform 
an inversely dithering process to recover the dithered pixel data into 
original pixel data. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a conventional apparatus for 
performing a dithering process. 

FIG. 2 is a block diagram showing a conventional apparatus for 



performing an inversely dithering process. 

FIG. 3 is a block diagram showing an apparatus for performing a 
dithering process in accordance with the invention. 

FIG. 4 is a detailed block diagram of the dither value generator 10 of 
5 FIG. 3. 

FIG. 5 is a detailed block diagram of the dithering unit 20 of FIG. 3. 
FIG. 6 is a block diagram showing an apparatus for performing an 
inversely dithering process in accordance with the invention. 

FIG. 7 is a detailed block diagram of the inversely dithering unit 40 
10 of FIG. 6. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Shown in FIG. 3 is a block diagram showing an apparatus for 
15 performing a dithering process in accordance with the invention. As 
shown in FIG. 3, the dithering process of the invention includes a dither 
value generator 10 and a dithering unit 20. The dither value generator 
10 receives a pixel address and a pixel data (N bits). The dither value 
generator 10 then generates a dither reference value by selecting from a 
20 dither array in response to the pixel address and the pixel data (N bits). 
The dithering unit 20 converts the N bits pixel data into an M-bits pixel 
data in response to the dither reference value. 

FIG. 4 shows a detailed block diagram of the above-mentioned 
dither value generator 10. As shown in FIG. 4, the dither value 
25 generator 10 includes an array index generator 11, a selecting unit 12, and 
a dither matrix 13. The array index generator 11 outputs an array index 
(i, j) in response to the pixel address and the pixel data received. The 
selecting unit 12 selects a corresponding dither reference value from the 
dither matrix 13 in response to the array index (i, j) coming from the 
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array index generator 11. The dither matrix 13 has dimensions of nxn. 
For example, a commonly used array for a 4x4 dither matrix is: 

"15 7 13 5" 
3 11 1 9 
4 12 4 14 6 
0 8 2 10_ 

A pixel address includes coordinates of x and y, and is denoted by (x, 
y). In one embodiment of the invention, the array index generator 11 
5 outputs an array index (i, j) in response to the pixel address (x, y) and the 
pixel data received as follows: 

i = (x+C) modulo n 

j = (y+C) modulo n 

wherein C denotes the red, green or blue color values of the pixel to 
10 be dithered, n represents the dimension of the dither matrix, and modulo 
is a mathematical function which finds the remainder of a division. 
Note that the aforementioned C can be partial bits of a specific color. 
Based on the array index (i, j) obtained as stated above, the selecting unit 
12 selects a dither reference value from the corresponding location of the 
" 15 dither matrix 13. For example, if the index (i, j) obtained is (2, 1), the 
corresponding dither reference value in the above-mentioned matrix D 4 is 
7. 

FIG. 5 is a detailed block diagram showing the dithering unit 20 of 
FIG. 3. The dithering unit 20 includes: a truncating unit 21, a 
20 comparing unit 22, a multiplexer 23, an adder 24 and a clamping unit 25. 

The truncating unit 21 receives the original pixel data (N bits), cuts 
down the (N-M) least significant bits thereof to generate M-bits pixel data 
as its output. The comparing unit 22 compares the dither reference 
value generated by the dither value generator 10 with the (N-M) least 
25 significant bits of the N bits pixel data and outputs a comparison signal to 
the multiplexer 23. The multiplexer 23 outputs a value of "0" or "1" to 
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the adder 24 in response to the output comparison signal of the comparing 
unit 22. The adder 24 adds the output signal received from the 
multiplexer 23 to the M bits data received from the truncating unit 21, 
and outputs a "sum" signal and an "overflow" signal. After this, the 

5 clamping unit 25 performs a clamping process or not in response to the 
"overflow" signal received from the adder 24. If the "overflow" signal 
is "1", the clamping unit 25 outputs M bits of "1" as the dither reference 
value for an M bits dithered value. On the other hand, if the "overflow" 
signal is "0", the clamping unit outputs the "sum" signal received from 

10 the adder 24 as the dither reference value for an M bits dithered value. 

FIG. 6 is a block diagram showing an apparatus for performing an 
inversely dithering process in accordance with the invention. The 
apparatus is to recover a dithered pixel data having M bits to original 
pixel data having N bits (N>M). As shown in FIG. 6, the inversely 

15 dithering apparatus includes a dither value generator 30 and an inversely 
dithering unit 40. The dither value generator 30 selects a dither 
reference value from a dither matrix in response to the pixel address and 
the pixel data (a dithered value) received. The dither value generator 30 
is similar to the dither value generator 10 of FIG. 3 and therefore will not 

20 be discussed again in details. Contrary to the dithering unit 20, the 
inversely dithering unit 40 is to recover a dithered pixel data having M 
bits to original pixel data having N bits (N>M). 

As shown in FIG. 7, the inversely dithering unit 40 includes an 
appending unit 41, a subtracting unit 42 and a clamping unit 43. Firstly, 

25 the appending unit 41 appends a (N-M) bits dither reference value to the 
end of the received dithered value (M bits) to generate an N-bits pixel 
data. The subtracting unit 42 subtracts a constant a from the output 
N-bits pixel data of the appending unit 41 and outputs a "difference" 
signal and an "overflow" signal to the clamping unit 43. The commonly 

30 used value of a is 2 (N " M) /2. The clamping unit 43 performs a clamping 



process on the "difference" signal and outputs an N bits pixel data in 
response to the "overflow" signal received from the subtracting unit 42. 
Specifically, if the "overflow" signal is "1", the clamping unit 43 
generates N bits of "0" as recovered value. On the other hand, if the 

5 "overflow" signal is "0", the clamping unit 43 generates the received 
"difference" signal as recovered value. 

The dithering and inversely dithering processes in accordance with 
the invention are to avoid the Mach banding effect and the color deviation 
effect so as to minimize the perceivable intensity variations in the output 

10 image. Moreover, the dithering technique in accordance with the 
invention can determine the entry of a dither matrix by both a pixel 
address and a pixel data. Consequently, the invention not only provides 
relatively nice dithered result, but also provides relatively nice recovered 
pixel data to avoid color deviation effect. 

15 While the invention has been shown and described with reference to 

a preferred embodiment thereof, and in terms of the illustrative drawings 
and algorithmic tables, it should not be considered as limited thereby. 
Various possible modifications, omissions, and alterations could be 
conceived of by one skilled in the art to the form and the content of any 

20 particular embodiment, without departing from the scope of the 
invention. 
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